This pollution prevention opportunity assessment was conducted to document the landscaping activities at SNL/California that generate waste and to outline options for minimizing that waste at SNL/California.
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EXECUTIVE SUMMARY
The State of California, Presidential Orders, and the Department of Energy (DOE) have all issued either legislation, orders, and/or goals to reduce the amount of municipal solid waste going to landfills, including landscape waste.
SNL/California landscaping covers approximately 5.3 acres of lawn areas and 3.9 acres identified as ground cover and shrub areas. Currently, all SNL/California landscape waste is disposed of in the City of Livermore's landfill. In order for SNTJCalifornia to meet the goals that have been set by Federal and State regulation and DOE order, the site must initiate a program to reduce, reuse, and recycle landscape waste.
This PPOA identifies the two most economical and environmentally friendly options for recycling landscape waste:
1. Grasscycling, which leaves grass clippings on the lawn, where they are naturally recycled. This option saves all costs of bagging, handling, and disposing of grass clippings. Grasscycling is highly recommended by the California Integrated Waste Management Board (CIWMB) and the Livennore Recreation and Parks Department. 2. Chipper/Shredder, which can turn tree and shrub trimmings into wood chips and mulch for weed control or garden decoration. The mulch also can be disced into the soil for additional soil conditioning.
Other options are available, but will require more effort and cost than the first two. These options are:
Using a disposal service to send landscape waste to a recycling/compost facility, which does not save much in cost, but keeps the waste reduction goal in sight.
Using Sandia transportation to haul the landscape waste to a recycling facilitx which saves a pickup fee and uses the option of recycling the waste as compost. (It does not save labor and handling costs.)
Composting on site, which will require more labor than the other options, but will create a supply of compost that can be used instead of chemical fertilizers.
Increasing low maintenance landscaping where appropriate. More native plants and drought tolerant plants can be used to create appealing landscapes and with proper selection of plants will require less maintenance, less water, and generate less waste. Wood chips and rock can also be used in many places and will decrease maintenance and watering in these areas. To satisfy the requirements of this program, Sandia conducts pollution prevention opportunity assessments (PPOAs) to identify waste-generating processes. The information collected from a PPOA then is used to identify waste minimization opportunities. This pollution prevention opportunity assessment (PPOA) was conducted using Sandia's new methodology for prioritizing, evaluating, and managing site-wide waste streams. This new methodology and the list of priority waste streams are described in the latest revision of the Pollution Prevention Opporfunify Assessmenf Plan for SNL/Californiu.3 This PPOA addresses landscape waste minimization, partially in response to recent legislation and regulations.
POLLUTION PREVENTION OPPORTUNITY ASSESSMENT FOR SNUCALIFORNIA LANDSCAPE WASTE
I
Pollution Prevention Opportunity Assessment
Facility
The SNL/Califomia Maintenance Engineering Department generates landscape waste during landscape and grounds maintenance. The landscaping is done by seven contract people, a working supervisor, and a Sandia point of contact.4
The landscaping group uses the following equipment to complete the maintenance work 1989 and 1990) , which is managed by the California Integrated Waste Management Board (CIWMB). The CIWMB has policy-making and regulatory authority to ensure reduction of the quantity of waste generated and disposed in landfills, and to ensure compliance with environmental regulations.7
The CIWM Act emphasizes conservation of natural resources through a hierarchy of management methods to reduce, reuse, and recycle municipal solid waste. It set statutory waste diversion goals to reduce municipal solid waste going to landfills by 25% by 1995 and by 50% by the year 2000. The 25% diversion goal will be met. The next 50% goal is attainable, but will require that local governments and businesses increase the acceptance of compost, effective waste prevention practices, and continued development of markets for recycled goods. 
Materialwaste Stream Profiles
The waste stream generated by landscaping maintenance at SNL/California consists primarily of grass clippings, shrub trimmings, and tree limbs.
Waste Generation
The Maintenance Engineering Department does not keep records of the amount of lawn clippings and other trimmings disposed of annually. These wastes are included in the sanitary waste stream, and the quantity generated can only be estimated. However, university studies indicate that a typical California lawn generates 300-400 lb. clippings annually per 1,000 sq. ft.10 Based on this formula, SNL/California's 228,600 sq. ft. of lawn area generates about 68,580-91,440 Ib. clippings annually. Thus, approximately 45.7 tons of grass clippings are sent to the landfill each year. No reasonable estimate can be made on the amount of shrub, ground cover, and tree trimmings generated.
" Currently the landscapers bag the grass"clippings and add them to the site's solid waste disposal bins, which also contain other solid wastes and are taken to the City landfill. Tree limbs and other woody cuttings are loaded into a bin and taken to the landfill. The costs associated with these practices are as follows:
The tipping fee at the City landfill is $32/ton. Assuming that 45.7 tons of grass clippings are taken to the landfill, the annual tipping fee would be $1,463, not including the tree and shrub trimmings. The approximate annual costs for truck operation include: Fuel: $420 (assuming 5 gallons per week); Maintenance: $625 (approximately 25 hours per year). Labor cost is approximated at $25/hr. for about 6 hours per week spent bagging and handling the clippings. The total cost is approximately $7,500 per year. Thus, the total annual cost for handling grass clippings alone is approximately $10,000. This figure does not include costs associated with tree and shrub trimmings.
Pollution Prevention Options
Landscape waste comprises a significant percentage of the solid waste stream, but it is a relatively inexpensive and simple waste to reduce or eliminate, with a little effort. Figure 1 shows how the landscape process at SNL/California works now, with the landscape waste going to the City landfill. It also shows the recommended future process, which will eliminate disposal of the landscape waste through the reduce, reuse, and recycle loop.
Specific options for reducing landscape waste at SNL/California include the following.
Lawn Clippingskeaves
Grasscycling: /Mulching Mower
Grasscycling is the natural recycling of grass by leaving the clippings on the lawn. The clippings decompose quickly and release nutrients, such as nitrogen, back into the soil. In fact, enough nutrients are returned to the soil that fertilization requirements can be reduced by 15 to 25% and water use can be reduced by a similar amount. With proper mowing, watering, and fertilizing, grasscycling can produce a healthy lawn.10 Grasscycling can be done with most lawn mowers with a sharp blade, but a mulching mower does the best job and is highly recommended. Mowing the grass when it is dry and removing only about one-third the length results in small clippings that can be left on the lawn. These small clippings do not cover up the lawn's surface. When done properly, grasscycling can reduce the seasonal mowing times by 50% or more because bagging and disposal of the clippings is eliminated. The cost of labor, transportation, and bags to dispose of clippings are eliminated. Additionally, by not handling heavy bags of grass clippings, landscape workers can avoid the potential for back injuries and other physical injuries.10
The State of California recommends grasscycling and uses the practice around the capitol grounds.11 The CIWMB has worked with the University of California Cooperative Extension to develop information to educate the public and the landscaping industry about grasscycling.10 Other organizations associated with landscaping, including the Livermore Area Recreation and Parks Department, recommend grasscycling whenever possible.12
Mulch/Disc When lawns are too wet or too tall, grasscycling cannot be done correctly However, the clippings can be used as mulch. In the past, SNL/California has used grass clippings as mulch in the open field areas around the site for weed control and has disced the mulch into the soil as an amendment. This practice was discontinued for undocumented reasons based on National Environmental Policy Act (NEPA) requirements. However, a more recent NEPA evaluation revealed no evidence for prohibiting the practice.
Along with saving the disposal costs associated with the current disposal method, mulching/discing would save about two labor hours per week, which is currently spent on bagging and disposing of the waste. Off-site Recvcling:/ComDosting Facility In cases in which grasscycling or mulching is not practical on site, off-site recycling/composting facilities may be used. This option all but eliminates the cost savings due to the facility fees and transportation costs. However, the goal to reduce landscape waste going to landfills still remains the priority. For off-site recycling and composting, SNJJCalifornia can use the Livermore-Dublin Disposal Service (LDDS) to pick up bins of lawn clippings, tree and shrub trimmings, and clean wood pallets. This service costs $250.00 for a 30-cubic-yard bin. The LDDS weighs the load and takes it to a transfer station where it is inspected for contamination (non-landscape waste). If the load is acceptable, LDDS takes it to a composting facility. SNL/Califomia will be given a $2.50/ton credit for an acceptable load.13 Forward Landfill and Composting is another available recycling facility, but Sandia's landscape maintenance personnel would have to transport the waste to the facility. It is located in Manteca, approximately 35 miles from the SNL/California site. The cost would likely be less than the $250 charged by LDDS, but it is still labor-and transportation-intensive. The facility charges a $15.00/ton tipping fee for compostable material. It composts the material and sells it to the agricultural and landscaping industries.14 Compost On-Site The landscaping group can compost lawn clippings, small trimmings, and leaves on site. However, composting will take more labor to do a proper job than some of the other options. The advantage of composting on site is production of a rich soil amendment that can enhance soil structure, texture, aeration, and moisture regulation.10 Some of the common composting methods are:
Wmdrows/Bin-Lawn clippings (greens) and leaves (browns) are mixed in equal parts and kept moist. The rows/bin have to be turned occasionally to keep them aerated. Windrows also can be aerated by air pumped through perforated pipes. Rotating Drum-The lawn clippings and leaves are mixed in equal parts, moistened, and placed in a rotating drum for 5-7 days. They are cured in windrows. This method speeds up the decomposition process.
Tree and Shrub Trimmings
Chimer /Shred
Tree and woody shrub trimmings can be recycled through a chipper/shredder machine. The resulting wood chips can be used for ground cover and weed control, which also saves the cost of chemical weed killers. This machine can eliminate the need for virtually any tree and woody shrub trimmings to go to a landfill, saving transportation costs, $32/ton in tipping fees, and labor costs (approx. $25/hr.).
SNL/CA has a chipper/shredder machine, but it is not used because it does not have a collection box due to lack of funding (approximately $990.00). The SNL/California pollution prevention coordinator has identified funds and has requested that the box be built.
Off-Site Recvclinsz/ComDost Facilitv
The same off-site recycling options are available for handling trimmings as for handling grass clippings.
Low Maintenance Landscaping
The use of regionally native plants and other drought-tolerant and pest-resistant plants for landscaping can create sustainable landscapes and result in healthier, longer-lived plantings. One of the characteristics of a sustainable landscape is a reduction in the need for pesticides and fertilizers.11 Reducing the use of pesticides and fertilizers addresses pollution prevention at the source. Pollution prevention is a national policy cited in the Resource Conservation and Recovery Act (RCRA) of 1976, the Pollution Prevention Act of 1990 and Executive Order 12856-the Federal Compliance With Right-to-Know Laws and Pollution Prevention Requirements of 1993.
Conclusion
The generation of landscape waste on the SNLJCaIifornia can be avoided. By following one or more of the suggested options, the Maintenance Engineering Department can prevent all green waste from being disposed of in the City landfill.
In addition, both pesticides and fertilizers can be reduced by: Grasscycling to recycle grass clippings in place.
